The epitaxial atomistic interfaces of two insulating oxides, LaAlO
anisms, such as oxygen vacancies 12, 13 , the defects in LAO surface [14] [15] [16] and cationic disorder 17, 18 prevails the actually observed conductivity. Recently, a possible adjustment of the conductivity through the treatment of the outer surface of the LAO is now gathering a renewed interest. 14-16, 19, 20 It was shown that adsorptions of charged species or polarization switching of ferroelectric overlayers can adjust the overall polarization direction of the whole LAO layer, which can tune on or off the conductivity at the LAO/STO interface.
Meanwhile magnetism in the LAO/STO has become an issue of great significance 7 . An earlier theoretical work proposed magnetism with charge ordering, an checkerboard type antiferromagnetism (AFM) 21 . While observation of such checkerboard-type AFM is still missing, ferromagnetism in the n-type LAO/STO interface has been observed -evidenced by hysteresis in magnetoresistance 7 . With this intriguing interface ferromagnetism, there are still on-going debates on the physics origin. It has been widely believed that the formation of oxygen vacancies in the interface is indispensable for magnetic instability [22] [23] [24] . On the other hand, other alternative mechanisms have been proposed theoretically, whose underlying physics is radically different 2 from vacancy related ones: quasi-one-dimensional band can drive magnetic instability without any coupling between local moments and conduction electrons 25 ; ferromagnetic ordering of localized charge via exchange interaction with the conduction electrons 26 . Recently, X-ray magnetic circular dichroism (XMCD) revealed that the interface ferromagnetism is from the exchange splitting of Ti d xy state that is hybridized with the O 2p orbitals 27 .
In this article, we propose that ferromagnetism at the n-type LAO/STO interface is possi- The empty majority Ti d xy state at the TiO 2 (I) shifts down towards the Fermi level.
To summarize, we propose a possible mechanism for ferromagnetism in the n-type LAO/STO interface without any interfacial defects. As proposed in previous studies, the interface ferromag- ferromagnetism. In this alternative mechanism, the polar distortion of La atom is an essential ingredient, whose direction of displacement depends on the charge polarity of the outermost surface layer of LAO.
Methods
The density-functional theory (DFT) calculations were carried out with the Vienna ab initio simulation package (VASP) 36 . For the electron exchange correlations, the PBE-type generalized gradient approximations (GGA) 37 were used together with the Hubbard-type on-site Coulomb energy on Ti 3d orbitals (DFT+U) 38 . The variations of U do not change qualitatively our conclusion, and results shown here were calculated with U=5 eV and J=1 eV [20] . As a model geometry, we con- 
